Quantitation of microscopic features is desirable because of the objectivity, reproducibility, and detectability it adds to a morphological study. Morphometry is the all-encompassing term for any of the methods for measuring structure. Stereology specifically applies to methods for deriving threedimensional parameters from measurements on twodimensional sections like those used in histology and transmission electron microscopy. Many instruments are available for measuring-rulers applied to photomicrographs or electron micrographs, ocular micrometers in microscope eyepieces, computer-interfaced digitizing tablets for manual tracing of features, and image digitizing via video cameras and computers. Incredibly, stereology can be done, often, most efficiently, by using simple point and inlt'eriiktion c o u n~n g methods. GREAT LAKES REGION DISCUSSION GROUP TOXICOLOGIC PATHOLOGY and is ideal for automating repetitive image operations and retrieving data and images for publication. An image analysis system consists of input devices (video cameras, scanners, modem), processing systems (large, fast computer, frame grabber board, software), output devices (monitors, image and data printers, image and data storage, video tape, modem), and peripheral devices (auto focus and Z-axis stepping, stage, filter changers, shutters). In image analysis, analog images are improved, then digitized into pixels and gray values. Pixels are the smallest piece of data in the image and each pixel is assigned a gray value. Pixels can be calibrated to distance and gray values can be calibrated to brightness in the image. By thresholding specified gray values, automated morphometric and brightness data can be reported.
Imaging systems come in all price ranges. For under $10,000, you can capture images and do minor manipulations such as count, size, and store images and data. For $25,000, you additionally can have extensive live imaging capabilities, automated and integrated peripheral devices, and the ability to automate your research through easily written macros. Specialized systems are available for in excess of $100,000. Important points to consider when purchasing a system include: demonstration in your laboratory that the system will do your exact requirements; single-or multi-user system; type of image storage that is needed; training and service for the system; number of systems just like it that have been sold; reputation and references for the system; and reputation of the dealer.
Stereological Analysis of Liver Hypertrophy and Replicative Rate Assessment
Brief overviews of image analysis and stereology and their use in toxicologic pathology included consideration of sample size, magnification, organ volume determination, and basic assumptions (e.g., isotrophy, section thickness). An example of liver hypertropy was used to illustrate the basic use of stereology to supplement routine histopathological assessment. The determination of the number of BrdU positive hepatocyte nuclei per field as a measure of cell proliferation was used to illustrate the use of gray scale pixel based image analysis. Each step of the computer macro written to accomplish this task was detailed, along with the succeeding modifications of the original image. The limitations of these techniques in the context of safety assessment studies and the resources required also were discussed. Most morphological studies involve sampling at many levels ranging from the biological subject (rat, human, plant) to the light and/or electron microscopic tissue areas. Sampling at all levels should be designed to select, in as random and unbiased a manner as possible, units from a population ofunits, which may be defined to reduce variation from unit to unit. Subject sampling, gross tissue sampling, histologic sampling, and electron microscopy sampling all have unique requirements. In addition to the sampling procedure, sample size must be deterBone Morphometry Roberl W. Norrdin, D.V.M., Ph.D. Colorado State University, Fort Collins, Colorado Bone has specific attributes that make it particularly suited to histomorphometry. Most notable among these attributes are the record of its turnover in its structure, and the ability to readily measure the dynamics of bone formation with fiuochrome labels. The technical aspects involve somewhat specialized methods for preparing undecalcified bone sections, but utilize routine morphometric methods. The work cannot begin until the paperwork is done. Computer validation is required by federal regulatory agencies for all computers generating data, including morphometry data, under the guidance of the Good Laboratory Practice Regulations. Validation is the process of evaluating software at the end of the development process to determine if the user requirements have been met. This is accomplished through the development of a validation plan, which, when executed, provides.written evidence that the system has been validated. Components of the validation plan include: 1) an introduction defining the purpose of the system; 2) a mined. Morphometry provides quantitative data that allows sample size to be estimated. Subject sample size is adequately addressed in most basic statistics books. Optimal subsample sizes for the number of tissue blocks, number of micrographs, and number of fields to measure can be assessed by a nested analysis of variance.
Morphometric Analysis of Pulmonary
is well developed and has standardized formulas and nomenclature. It is used clinically as a diagnostic procedure as well as an investigational tool. Experimentally, bone histomorphology is useful for evaluating the effect of various agents on bone at the cell and tissue level. Parameters have been developed for the study ofgrowth and healing, in addition to remodeling, in appropriate models. description of the computer system hardware, software, location, security, and limitations of the hardware and software; 3) a listing of individuals involved in and responsible for the plan; 4) the validation procedure itself, including a description of the test data sets, results, criteria for acceptance, and error resolution; 5 ) appropriate documentation of the plan, reference manuals, source codes, training, and standard operating procedures; and 6 ) change control processes. Computer validation is a very system specific and dynamic process, requiring modifications with software and hardware changes, in addition to changes in user requirements.
